
DIU 15-10. (cmtimed) 

AIijustal Bi'Maee:rna fir CmIiovasoJ1ar Variah1es b.r ~tim 

F.lqlo5ure IDIex 
~IDIex Adj. Relative 

Variable ~ti(D Statistic HedillB Higb CattIast Risk. (95% C.!.) p-Va!ue 

FEIIDlal Officer n Overall 
Fulses HIlS. L 

B lIS. L 

Fnlisted n 52 Overall 0.200 
~ HIlS. L 2.15 (0.19,24.79) 0.542 

B lIS. L 5.32 (0.59,47.78) 0.136 

Fnlisted n 131 140 117 Overall 0.576 
GtanIaew HIlS. L 0.00 (0.13,5.01) 0.810 

~ 
B lIS. L 0.32 (0.03,3.25) 0.337 

PtJplitEBl Officer n Overall 
Fulses HIlS. L 

B.IIS. L 

Fnlisted n 50 52 50 Overall 0.419 . 
n,a- HIlS. L 1.04 (0.14,7.93) 0.968 

B lIS. L 2.59 (0.47,14.30) 0.276 

B1listed n 131 140 117 Overall 0.490 
GtanIaew HIlS. L 1.04 (0.29,3.68) 0.960 

B lIS. L 0.46 (0.11,2.02) O.DI 



DIU 15-10. (CDltimed) 

~ Rxpawe IIIdIs: fir 0mIiI ,,1 .. Variab1es by I):n.,.tim 

Exposure InJex 
Exposure InJex Adj. Relative 

Variable ~tim Statistic MediIE High Qnttast Risk (95% C.!.) p-Value 

Ibtsalis Officer n 113 110 102 0IIeI:all 0.535 
Pedis "vs. L 0.59 (0.23,1.51) 0.271 
l'IJlses H vs. L 0.82 (0.34,1.98) 0.667 

Enlisted n 50 52 0IIeI:all 0.894 
Flyer "vs. L 1.01. (0.37,2.91) 0.944 

H vs. L 1.25 (0.46,3.38) 0.660 

Enlisted n 140 117 0IIeI:all 0.613 
GI:oIn:Icrew "vs. L 0.96 (0.46,1.97) 0.9Oft 

H vs. L 0.69 (0.32,1.52) 0.358 

FIlstedoc Officet" n 0IIeI:all 
Tibial "vs. L 
l'IJlses H vs. L 

Enlisted n 52 o-an 0.746 
Flya: "vs. L 1.00 (O.17,6.OO) 0.999 

H vs. L 1.68 (0.35,8.07) 0.516 

Enlisted n 128 134 112 o-an 0.831 
GI:oIn:Icrew "vs. L 0.60 (0.1O,3.42) 0.562 

H vs. L O.!K> (0.20,4.oo) 0.897 
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'IMlE 15-10. (autimed) 

Elqlosure Imex: 
Exposm:e Imex: Adj. Relative 

Variable Orxupatim Statistic IIediua Cmttast Risk (95% C.l.) p-Value 

leg Pulses OffiCl!l' n lOS 107 96 Overall 0.6.'J) 
M 95. L 0.89 (0.40,2.00) 0.n9 
B 95. L 0.65 (0.27,1.60) 0.352 

Enlisted n 49 52 48 Overall 0.475 
Flyer M 95. L 1.06 (0.38,2.95) 0.912 

B 95. L 1./0 (0.66,4.35) O.V! 

Enlisted n 128 133 110 Overall 0.719 
GmnIcrew M 95. L 1.08 (0.54,2.16) 0.826 

B 95. L 0.00 (0.38,1.68) 0.555 

Perl(iIeaU OffiCl!l' n 107 96 Overall 0.6:Jl 
Pulses M 95. L 0.89 (0.40,2.00) 0.n9 

B 95. L 0.65 (0.27,1.60) 0.352 

Enlisted n 49 52 Overall 0.475 
Flyer M 95. L 1.06 (0.38,2.95) 0.912 

B 95. L 1./0 (0.66,4.35) 0.271 

Enlisted n 128 133 110 Overall 0.683 
GmnIcrew M 95. L 1.01 (0.51,2.00) 0.976 

B 95. L 0.75 (0.36,1.57) 0.447 
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'DIU lS-1O. (cmt!uaI) 

~lixIex 
Exposme lixIex &lj. Relative 

Variable Oc:a.pltim Statistic MediIR High Q:nttast Risk (95% C.!.) p-Val.ue 

All l'IIlses Officer n 104 107 96 0IIetall 0.616 
"vs. L 0.88 (0.39,1.98) 0.764 
B vs. L 0.65 (0.26,1.58) 0.337 

Pnlisted n 49 52 0IIetall 0.475 
~ "lIS. L 1.06 (0.38,2.95) 0.912 

B lIS. L 1.70 (0.66,4.35) 0.271 

Pnlisted n 128 133 110 0IIetall 0.683 
GI:rudcrer "lIS. L 1.01 (0.51,2.00) 0.976 

B lIS. L 0.75 (0.36,1.57) 0.447 

~ anlitims u:potted that vere rot verified; therefore, R!pOrted and verified cmlyses are the so.!. 

-hljusted relative ristt rot applicable for cmtiJuJIE cmlysis of a variable; adjusted cmlysis rot pafoJ:ued cD! to sparse cells. 

tiExposure :index-by-aJYaIiate inteEaCtim (O.01~.05)-adjusted relative ristt, cmfidmc:e inte:val, and p-va1ue derlval m. a 
axIel fitted after deletim of this inteEaCtim: 



category, none of the differences, either unadjusted or adjusted, was 
statistically significant; The percent of individuals with hypertension in 
the medium exposure level category was similar to that in the low exposure 
category for each occupational stratum. 

Reported and Verified Heart Disease 

There were no statistically significant differences in the percentage of 
individuals with reported or verified heart disease for any occupational 
stratum in the unadjusted analyses. Differences were also nonsignificant in 
the adjusted analyses with the exception of the officer cohort, where the 
adjusted relative risk for the medium versus low contrast was significantly 
less than 1 (Adj. RR: 0.52, 95% C.I.: [0.30,0.90), p.O.019). The high 
versus low exposure level relative risk in the officers was also less than 1 
and of borderline significance (p.O.082). 

Reported and Verified Myocardial Infarction 

There were no statistically significant differences, either unadjusted or 
adjusted, in any of the occupational strata. 

P~ysical Examination Variables: Central Cardiac Function 

Systolic Blood Pressure 

In the officers and enlisted groundcrew, neither the mean values nor the 
percentage with abnormal blood pressure was significantly different across the 
three exposure levels (unadjusted or adjusted for covariates). In the 
enlisted flyers, however, there was a significant difference in the means that 
was consistent with a dose-response relationship: mean systolic blood 
pressures were 124.14, 128.79, and 133.55 in the low, medium, and high 
exposure level categories, respectively (p.O.037). The high versus low 
contrast was significant (p.O.010). After adjustment for-covariates, however, 
the differences were still consistent with a dose-response relationship, but 
no longer statistically significant (p.O.1Sl). 

The percent with abnormal systolic blood pressure (>140 mm Hg) also 
increased with increasing exposure level, but did not reach statistical 
significance, either unadjusted or adjusted for covariates. 

Heart Sounds 

There were no statistically significant differences in abnormal heart 
sounds, either unadjusted or adjusted. 

BeG-OVerall 

There were no statistically significantdHferences in overall ECG 
findings, either unadjusted or adjusted. 
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RBBB 

There were only four individuals with RBBB--one officer, two enlisted 
flyers, and one enlisted groundcrew--and no significant exposure level 
'effects. Adjusted analyses were not performed due to the small number of 
abnormali ti es. 

Only one Ranch Hand, an officer in the medium exposure level category, 
was found to have LBBB. Statistical analyses could therefore not be 
conducted. 

Nonspecific T-Vaves 

There were no statistically significant differences, unadjusted or 
adjusted, for nonspecific T-wave findings in the officers or enlisted 
groundcrew. In the unadjusted analysis of the enlisted flyer cohort there was 
a borderline significant difference overall (p.O.075), 'with a significantly 
higher risk in the medium exposure level category as compared to the low 
exposure level category (Est. RR: 3.51, 95% C.I.: [1.05,11.73), p.0.041). 
~his difference was of borderline significance after adjustment for covariates 
(p.O.063). 

Bradycardia 

There were no statistically significant differences in the occurrence of 
bradycardia in any of the three occupational strata in unadjusted analyses. 
The presence of bradycardia decreased with increasing exposure level in each 
occupational stratum. 

Adjusted analyses did not detect significant exposure level effects in 
the enlisted flyers or enlisted groundcrew, but in the officers, there was a 
statistically significant exposure index-by-cholesterol-HDL ratio interaction 
(p.0.045). Appendix L, Table L-4, shows that there were fewer abnormalities 
in the medium and high exposure level categories as compared to the low 
exposure level category for individuals with ratios of at most 4.2 and for 
individuals with ratios between 4.2 and 5.5, whereas, in individuals with 
cholesterol-HDL ratios above 5.5, there were slightly more abnormalities in 
the medium and high exposure level categories as compared to the low exposure 
level category. The numbers were quite sparse, however. Table 15-10 also 
presents the results after deleting the interaction term from the model. The 
adjusted relative risks did not reach statistical significance. 

Tachycardia 

, There were no cases of tachycardia among the Ranch Hands and stratified 
analyses were not perf~rmed. 

t 
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Arrhythmia 

There were no significant differences among the three exposure level 
categories, unadjusted or adjusted, in the presence of arrhythmia for either 
the officers or enlisted groundcrew. However, in the enlisted flyers, there 
was a statistically significant effect, with arrhythmia detected in six 
(11.8%) of the individuals in the high exposure level category, as compared to 
none in the low and none in the medium exposure level categories. The high 
versus low contrast is significant (p.0.025, Fisher's exact test). The number 
of abnormalities was too few for adjusted analyses. 

'. EeG-Other Diagnoses 

No significant differences emerged in the unadjusted analyses for any of 
the occupational strata, nor in the adjusted analyses for the enlisted flyers 
or enlisted groundcrew. There was, however, a statistically significant 
exposure index-by-age interaction in the officers (p.0.018). Upon stratifi­
cation by age (Appendix L, Table L-4), there was an inverse dose-response 
relationship in those born in or after 1942, little difference among exposure 
level categories in those born between 1923 and 1941, and only four abnormal­
ities in those born, in or before 1922, all in the medium exposure level 
category. None of these within-stratum differences was statistically signifi­
cant. After deleting the interaction term from the model (Table 15-10), the 
adjusted relative risks in the officers were not statistically significant. 

Physical Examination Variables: Peripheral Vascular Function 

Diastolic Blood Pressure 

In the officers, there were no statistically significant differences in 
the mean diastolic blood pressure, either unadjusted or adjusted for 
covariates. The discrete analyses, however, detected a significantly greater 
percentage of abnormalities in the high exposure level category (p.0.039), 
which remained significant after covariate adjustment (Adj. RR: 5.53, 95% 
C.I.: [1.12,27.36), p.0.036). Those in the medium exposure level category 
did not exhibit an excess risk. 

There were no significant differences, unadjusted or adjusted, in either 
the mean levels or the percent abnormal in the enlisted flyers. 

In the enlisted groundcrew, there were no significant differences in the 
unadjusted continuous or discrete analyses, nor in the adjusted discrete 
analysis. The adjusted continuous analysis did reveal a significant exposure 
index-by-personality type interaction (p.0.012), which is examined more fully 
in Appendix L, Table L-4. This table shows that there was no significant 
difference in the exposure level means among those with Type A personalities; 
in Type B individuals, there was a significant difference (p.0.020), although 
not consistent with a dose-response relationship (adjusted means were 76.90, 
80.52, and 76.80 in the low, medium, and high exposure level categories, 
respectively). Since the interaction did not reach the 1 percent significance 
level, Table 15-10 also presents the results after deletion of the interaction 
term from the model. The adjusted means could not be significantly different. 
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Funduscopic Examination 

There were few funduscopic abnormalities and no evidence of exposure 
level effects. Adjusted analyses could not be performed on this variable. 

carotid Bruits 

Again, there were few abnormalities and no significant differences among 
the exposure level groups. Adjusted analyses could not be performed on this 
variable. 

Radial Pulses 

Only two Ranch Hands had radial pulse abnormalities, both in the low 
~xposure category. Adjusted analyses were not possible. 

Femoral Pulses 

There were no significant differences, unadjusted or adjusted, in femoral 
pulse abnormalities. There was a trend consistent with a dose-response 
'relationship in the enlisted flyers, but it was not statistically significant. 
Analyses in the other occupational categories were unremarkable. 

Popliteal Pulses 

There were no statistically significant differences, unadjusted or 
adjusted, in the percentage of individuals with popliteal pulse abnormalities 
in the three exposure level categories for any of the occupational strata. 

Dorsalis Pedis Pulses 

No statistically significant differences were detected, unadjusted or 
adjusted, in any of the occupational strata. 

Posterior Tibial Pulses 

No significant differences were found. 

Leg Pulses 

For the aggregated variable combining all leg pulses, there were no 
significant differences, either unadjusted or adjusted for covariates. 

Peripheral Pulses 

The analysis of all peripheral pu1ses.gave similar results to that for 
the leg pulses, i.e., no significant differences among the three exposure 
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level categories within any occupational stratum, either unadjusted or 
adjusted for covariates. 

All Pulses 

Analysis of the aggregated index of all pulses did not reveal significant 
differences, either unadjusted or adjusted, for any of the occupational 
strata. 

Exposure Index-bY-Covariate Interactions 

A summary of the significant exposure index-by-covariate interactions is 
presented in Table 15-11. Two occurred in the officers (one for bradycardia 
involving an interaction with cholesterol-HDL ratio, and one for ECG-other 
diagnoses involving an interaction with age) and one in the enlisted 
groundcrew (for diastolic blood pressure, involving an interaction with 
personality type). 

Longitudinal Analysis 

, The overall ECG was investigated by longitudinal analysis. The change in 
~tatus (normal or abnormal) between the 1982 Baseline and 1987 followup 
examination was determined for each subject participating at both examinations 
and the degree of change compared in the Ranch Hand and Comparison groups. 

, Table 15-12 gives summary statistics for the two examinations, as well as 
summary statistics of the 1985 followup examination for reference purposes. 
In both groups, the percent with abnormal findings declined from Baseline to 
the 1985 followup examination, and then increased somewhat at the 1987 
~ollowup, although not to the same level as that at Baseline. Table 15-13 

TABLE 15-11. 

Summary of Exposure Index-bY-Covariate Interactions Fro. 
Adjusted Analyses for cardiovascular Variables 

p-
Variable Occupation Covariate Value 

Bradycardia Officer Cholesterol- 0.045 
HDL Ratio 

ECG-Other Diagnoses Officer Age 0.018 

Diastolic Blood Pressure Enlisted Personali ty 0.012 
Groundcrew Type 
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TABLE 15-12. 

Summary Statistics for the Longitudinal Analysis of Overall EOG: 
1982 Baseline, 1985 Pollowop, and 1987 Pollowop Examinations 

Groul! 

Examination Statistic Ranch Hand Comparison 

.1982 Baseline Abnormal 217 26.3% 275 28.2% 
Normal· 609 73.7% 701 71.8% 

1985 Followup Abnormal 100 12.3% 127 13.2% 
Normal 712 87.7% 834 86.8% 

1987 Followup Abnormal 132 16.0% 179 18.3% 
Normal 694 84.0% 797 81.7% 

Notel Summary statistics for the 1982 Baseline and the 1987 followup are 
based on 826 Ranch Hands and 976 Comparisons who participated in the 
1982 Baseline and 1987 followup examinations. Summary statistics on 
812 of these Ranch Hands and 961 of these Comparisons who also 
participated in the 1985 followup are included for reference purposes 
only. 

TABLE 15-13. 

Longitudinal Analyses of the Overall EOG: 
A Contrast of 1982 Baseline and 1987 Pollowop Ixaaination Abnoraa1ities 

1987 
1982 Followul! Exam 

Baseline Odds • p-Va1ue 
Group Exam Abnormal Normal Ratio (OR) (ORRH vs. ORe) 

Ranch Hand Abnormal 66 151 0.437 
Normal 66 543 0.960 

Comparison Abnormal 103 172 0.442 
Normal 76 625 

• Odds Ratiol Number Normal Baseline, Abnormal 1987 Fo110wul! 
Number Abnormal Baseline, Normal 1987 Followup 
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presents tables for each of the Ranch Hand and Comparison groups, giving the 
number of individuals with abnormal ECGs at both the Baseline and 1987 
followup examinations, the number abnormal at Baseline but normal at the 1987 
followup, etc. Fewer individuals went from normal to abnormal than vice 
versa, with similar odds ratios in the two groups (p.0.960). 

Morbidity-Mortality Analysis 

For the cardiovascular evaluation, morbidity and mortality data on all 
Ranch Hands (diabetics included) and the first Comparison of the randomly 
ordered set matched to the Ranch Hands were compiled to estimate the frequency 
of four hierarchical endpoints combining both fatal and nonfatal events. 
Because of competing mortality and possible misclassification of the cause of 
death, the endpoints of (1) death (any cause) or verified nonfatal heart 
disease, and (2) death (any cause) or verified nonfatal myocardial infarction 
were examined first, followed by endpoints limited to (3) fatal or nonfatal 
verified heart disease, and (4) fatal or nonfatal verified myocardial 
infarction or fatal heart disease. The first two endpoints were used to 
ensure that any misclassification bias with regards to death would not affect 
the results. 

The analysis was based on 1,254 Ranch Hands and 1,249 Comparisons. 
(Seven Ranch Hands and six Comparisons who had verified heart disease before 
service in SEA were excluded.) The history of each individual from the 
beginning of his tour of duty in SEA to the present was then reviewed. 
Histories of verified heart disease and myocardial infarction for living 
individuals who were noncompliant at Baseline and the two followup visits were 
mi·ssing. For the living noncompliant individuals, the observed rate in the 
compliant individuals was used to estimate the number uf nonfatal events among 
the noncompliant individuals for each cohort. It was assumed that there were 
no nonfatal cardiovascular events in the noncompliant individuals who died due 
to a cause other than cardiovascular system failure. The results are shown in 
Table L-5 of Appendix L. 

There were 85 deaths in the Ranch Hand group and 92 in the Comparisons. 
The estimated percentage of individuals who died from any cause or had a 
verified nonfatal history of heart disease (category 1) was 43.6 percent in 
the Ranch Hands and 43.9 pe~cent in the Comparisons. 

The estimated percentage of deaths from any cause or verified nonfatal 
myocardial infarction (category 2) was 10.0 percent in the Ranch Hands and 
11.2 percent in the Comparisons. 

Forty-two of the 85 deaths in the Ranch Hands and 41 of the 92 deaths in 
the Comparisons either were attributed to heart disease or were individuals 
who had verified heart disease histories. The estimated percentage of fatal 
and nonfatal verified heart disease (category 3) was 40.1 percent in the Ranch 
Hands and 39.8 percent in the Comparisons. 

Among the 85 deaths in the Ranch Hands, 33 individuals died from cardio­
vascular disease or had a verified history of myocardial infarction, as 
compared to 29 of the 92 deaths in the Comparisons. The estimated percentage 
of fatal or nonfatal verified myocardial infarction or fatal heart disease 
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(category 4) was 5.9 percent in the Ranch Hands and 6.1 percent in the 
Comparisons. 

These contrasts must be interpreted guardedly since they involve several 
unverifiable assumptions. Nevertheless, they are consistent with the 
morbidity findings presented in the chapter and do not indicate excess 
cardiovascular risk in the Ranch Hands. 

DISCUSSION 

Of the diseases encountered by the primary care physician, circulatory 
disorders are among the most common. The sources of the noninvasive data 
analyzed in the current chapter occupy a time-honored place in cardiovascular 
practice. Specifically, the history, physical examination, chest x ray, and 
resting electrocardiogram remain highly reliable indices that can alert the 
clinician to the presence of underlying cardiovascular disease and point to 
the need for additional, more specific, noninvasive, or invasive studies. 
Though arbitrary, dividing data collection into central and peripheral 
cardiovascular functions is convenient and forms a reasonable basis for 
comparison of the cohorts under study. 

The limitations of the history in cardiovascular diagnosis deserve 
emphasis. In peripheral vascular disease, for example, signs and symptoms 
will vary depending on the degree of development of collateral circulatory 
channels. Vhile hemodynamically significant arterial disease of lower 
extremities is almost always associated with claudication, severe carotid 
occlusive disease can be present in the absence of symptoms of transient 
cerebral ischemia. Further, conclusive evidence shows that advanced coronary 
artery disease can o~iur in the absence of angina and present as "silent" 
myocardial ischemia. Lastly, it is well recognized that the cardiovascular 
history, as related by patients, is often subject to error. The generic term 
"heart attack," for example, can be used to describe any type of cardiac event 
from an isolated episode of unstable angina or arrythmia, to an actual 
myocardial infarction. These imperfections highlight the importance of the 
type of medical record verification conducted in the current study. 

In the cardiovascular assessment, particularly, the physical examination 
can provide valuable clues to the presence of asymptomatic but significant 
underlying disease. Because the examinations were conducted by internists 
rather than cardiologists, steps were taken to si.plify data collection and to 
reduce interobserver differences among the examining physicians. All blood 
pressure readings, for example, were taken by automated sphygmomanometric 
instruments. Auscultory endpoints--murmurs and bruits--were recorded as 
present or absent by anatomic location, thus eliminating speculation as to 
specific valvular or vessel origin and hemodynamic significance. As markers 
of occult arterial occlusive disease, vascular bruits are relatively easy to 
detect and were carefully sought. 

Pertinent to the longitudinal design of the AFHS, several of the physical 
findings recorded must be viewed in the context of the aging population under 
study. A gradual increase in systolic blood pressure will occur with 
advancing years. Related to the normal progression of arteriosclerosis and, 
more specifically, to arterial tortuosity, vascular bruits may occur in 
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vessels free of occlusive disease, particularly in the carotid arteries. 
Again, all bruits were recorded by location without attempting to comment on 
the hemodynamic significance or specific vessel of origin (i.e., internal vs. 
external carotid). The occurrence of abnormal heart sounds, particularly 54' 
would also be expected to increase with age. 

~ The data collected in the current chapter were limited to the resting 12-
lead electrocardiogram and the standard two-view chest x ray. This x ray is 
used to detect the presence of cardiac enlargement or abnormalities in 
pulmonary vasculature, as reported in Chapter 20, Pulmonary Disease. In 
current practice, these techniques are supplemented, but not replaced, by such 
noninvasive studies as the treadmill exercise test, nuclear isotope studies, 
and the echocardiogram. With few exceptions, these technically sophisticated 
and costly procedures do little more than confirm diagnoses that can be made 
based on data available in the current assessment. For example, when 
correlated with the history and physical examination, the chest x ray and 
electrocardiogram enable the clinician to draw highly accurate conclusions 
regarding the presence and hemodynamic significance of valvular heart disease 
of any etiology. As defined by the chest x ray, the pulmonary vascularity can 
provide reliable clues to the presence of global left ventricular dysfunction 
with pulmonary venous congestion and of pulmonary hypertension of any cause. 

The dependent variable-covariate associations analyzed in the current 
chapter confirm findings that have been well documented in numerous long-term 
epidemiologic studies. The lack of clearly defined cardiovascular endpoints 
to dioxin exposure places a premium on the careful analysis of risk factors as 
potentially confounding variables. Hore than any other, the cardiovascular 
system is subject to the effects of lifestyle and heredity. 

As a degenerative disease with multiple manifestations, arteriosclerosis 
develops in all organ systems over time. With few exceptions, an age-related 
increase in the incidence of abnormal physical findings was documented in both 
the Ranch Hand and Comparison groups. As expected, reported and verified 
heart disease and, particularly, previous myocardial infarction, were highly 
correlated with the classical risk factors of age, positive family history, 
and cigarette use. Although an apparent exception was the negative 
correlation between the ,systolic blood pressure and curDent cigarette use, 
this most likely reflects the contributions of former smokers, who have 
stopped smoking in response to a diagnosed disease. This is the group that 
had the highest percentage of abnormal systolic blood pressures (above 140 mm 
Hg). Lifetime cigarette use, on the other hand, was consistently positively 
associated with abnormalities in all variables analyzed. 

The effects of current and lifetime alcohol consumption were less 
consistent. Clinically, it is clear that in cases of severe, chronic abuse, 
alcohol is directly cardiotoxic and can lead to an irreversible congestive 
cardiomyopathy. On the other hand, when consumed in moderation, alcohol may 
favorably influence the ratio of HDL to LDL cholesterol and may actually be 
protective with respect to the future development of cardiovascular disease. 

Group comparisons generally revealed no significant differences between 
the Ranch Hand and Comparison cohorts. As in the Baseline examination (but 
not in the 1985 followup), Ranch Hands had a greater incidence of peripheral 
pulse abnormalities of the lower extremities than the Comparisons (15.3% vs. 
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12.2%). As noted above, the 1985 followup included Doppler ultrasound 
studies, which have proven to be more sensitive than traditional manual 
palpation. Further analysis of specific pulse sites suggests that the current 
group difference relates mainly to an increased incidence of femoral, rather 
than more peripheral, sites, a finding that should be relatively easy to 

.confirm on subsequent examination cycles. Arterial occlusive disease is often 
unilateral rather than bilateral and can affect large vessels proximally or 
smaller vessels distally in segmental fashion. Distal circulation may be 

_maintained by good collateral vessels even in the presence of proximal, 
partial pulse deficits. The Doppler should be more reliable than palpation in 
such cases, but neither method is perfect. This observed pulse difference 
does not appear to be related to exposure since abnormalities were not 
increased in the enlisted groundcrew, the group with the highest serum TCDO 
levels. 

Recently, there has been renewed interest in the role of personality type 
'as a risk factor for cardiovascular disease. In the current study, Type B 
personality was found to be associated with an increased incidence of elevated 
systolic blood pressure and with deficits in four of the five peripheral 
pulses assessed by palpation. Though at variance with classical teaching, 
these results are consistent with recent evidence that Type B personality may 
be at eqytl or greater risk than Type A for the development of coronary artery 
disease. 

In summary, the historical, physical examination, and laboratory data 
provide a reasonable basis for comparison of the cohorts under study and 
indicate that neither the Ranch Hand nor the Comparison group is at signifi­
cant health detriment relative to the other. The slightly greater incidence 
of heart disease documented in the Ranch Hand cohort in the 1985 followup 
examination was not evident after continuing review of medical records. The 
incidence is now similar in the two groups. Finally, as in the Baseline 
examination (but not in the 1985 followup), a slightly greater incidence of 
pulse deficits has been found in the Ranch Hand group and will bear continued 
surveillance in future examination cycles as more accurate methods to measure 
the body burden of dioxin become available. 

SUMMARY 

The cardiovascular evaluation of the Ranch Hand and Comparison groups was 
based upon reported and verified heart disease events (essential hypertension, 
cardiac disease, and myocardial infarction); assessment of central cardiac 
function (systolic blood pressure, heart sounds, and ECG findings); and 
assessment of peripheral vascular function (diastolic blood pressure, fundu­
scopic abnormalities, carotid bruits, and peripheral pulse abnormalities). 
Table 15-14 presents a summary of all of the unadjusted and adjusted group 
comparisons for these variables. 

In the evaluation of heart disease from questionnaire data, there were no 
,statistically significant differences, unadjusted or adjusted, in the 
frequency of reportedlverified essential hypertension, reported heart disease, 
or verified heart disease. For reportedlverified myocardial infarction, there 
was no statistically significant difference between the two groups in the 
unadjusted analysis, but in the adjusted analyses, there was a statistically 
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TABLE 15-14. 

Overall Summary Results of Unadjusted and A~Justed Group Contrast 'Analyses of CardiovascularVatiables 

, Variable Unadjusted Adjusted Direction of Results 

Questionnaire Variables 
ie 

Reported/Verified Essential 
Hyper tension* NS NS 
Reported Heart Disease 
(Excluding Hypertension) NS NS 
Verified Heart Disease 
(Excluding Hypertension) NS NS 
Reported/Verified Myocardial 
Infarction* NS ** (NS) 
Central Cardiac Function 

Systolic Blood Pressure 
(continuous) NS NS 

~ Systolic Blood Pressure 
(discrete) NS ** (NS) 
Hea~t Sounds NS NS 
ECG-Overall NS NS 
RBBB NS NS 
LBBB NS 

Nonspecific T-Vaves NS **** 
Bradycardia 0.049 NS* C)RH 
Tachycardia NS 

Arrhythmia NS NS* RH)C 
EeG-Other Diagnoses NS NS 
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TABLE 15-14. (continued) 

Overall Summary Results of Unadjusted and Adjusted Group 
Contrast Analyses of Cardiovascular Variables 

Variable Unadjusted Adjusted Direction of Results 

Peri2heral Vascular Function 

Diastolic Blood Pressure (continuous) NS* ** (NS*) RH)C 

Diastolic Blood Pressure (discrete) NS ** (NS) 

F~duscopic Examination NS 

Carotid Bruits NS* RH)C 

Radial Pulses NS* C)RH 

Femoral Pulses 0.016 0.018 RH)C 

Popli teal Pulses NS NS 

Dorsalis Pedis Pulses NS* NS* RH)C 

Posterior Tibial Pulses NS **** 

Leg Pulses 0.049 NS* RH)C 

Peripheral Pulses NS* NS RH)C 

All Pulses NS* NS RH)C 

*No conditions reported that were not verified; therefore, reported and verified 
analyses are the same. 

NS: Not significant (p)0.10). 
** (NS): Group-by-covariate interaction (0.01<p~,05); not significant when 

interaction is deleted; refer to Table L-2 for a detailed description of 
this interaction. 

--Adjusted analyses not performed (sparse data). 
****: Group-by-covariate interaction (p~.Ol); refer to Table L-2 for a detailed 

description of this interaction. 
NS*: Borderline significant (0.05<p~.10). 
C)RH: More abnormalities in Comparisons than in Ranch Bands. 
RB)C: More abnormalities in Ranch Bands than in Comparisons. 
** (NS*): Group-by-covariate interaction (0.01<p~.05); borderline significant 

when interaction is deleted; refer to Table L-2 for a detailed 
description of this interaction. 
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significant group-by-family history of heart disease interaction (p.0.042). 
The relative risk was less than 1 in those with no family history of heart 
disease and greater than 1 in those with a family history of heart disease; 
neither within-stratum estimate of risk was statistically significant. An 
adjusted model fit after deletion of the interaction term was not statis­
tically significant. 

For the parameters of central cardiac function there were no statis­
tically significant differences, unadjusted or adjusted, in the mean systolic 
blood pressure, nor in the percentage of individuals with abnormal heart 
sounds, overall ECG abnormalities, RBBB, LBBB, tachycardia, or other ECG 
diagnoses. In the discrete analysis of systolic blood pressure, there was no 
significant difference between the Ranch Hands and Comparisons in the 
unadjusted analysis, but a significant group-by-cholesterol-HOL ratio 
interaction was detected in the adjusted analysis (p.0.020). The adjusted 
relative risk was less than 1 in those with cholesterol-HOL ratios less than 
or equal to 4.2 and less than 1 in those with ratios between 4.2 and 5.5, but 
greater than 1 in those with cholesterol-HOL ratios greater than 5.5. 
However, none of these within-stratum relative risks was statistically 
significant, nor was the group comparison after deletion of the interaction 
term from the model. For ,nonspecific T-waves, .the unadj'lsted difference was 
not statistically significant. However, there was a highly significant 
(p.0.004) group-by-lifetime cigarette smoking history interaction in the 
adjusted analysis. The relative risk was less than 1 in nonsmokers and 
moderate lifetime smokers and greater than 1 in heavy smokers. None of these 
wfthin-stratum risks reached statistical significance. Significantly fewer 
Ranch Hands than Comparisons had bradycardia (Est. RR: 0.67, 95% C.I.: 
[0.44,1.00), p.0.049). The adjusted relative risk for bradycardia was 
borderline significant (Adj. RR: 0.69, 95% C.I.: [0.46,1.04), p.0.06B). For 
arrhythmia there was no significant difference in the unadjusted analysis, but 
there was a borderline significant difference in the adjusted analysis (Adj. 
RR: 1.56, 95% C.I.: [0.98,2.49), p-0.062). 

, In the analysis of peripheral vascular function, no unadjusted or 
adjusted statistically significant differences were detected in funduscopic 
abnormalities or in popliteal pulses. The mean diastolic blood pressure was 
borderline significantly different in the two groups (unaijjusted p.0.099); in 
the adjusted analysis, a significant group-by-age interaction was detected 
(p-0.02B). In individuals born in or after 1942, the Ranch Hand adjusted mean 
was significantly greater than the Comparison adjusted mean (74.91 vs. 
73.56 mm Hg, p.0.026). In those born between 1923 and 1941 and in those born 
in or before 1922, the adjusted group means were not significantly different. 
(The difference in the overall adjusted group means was borderline significant 
[p.0.l00] after deleting the interaction term from the model.) The percent 
with abnormal diastolic blood pressure Was not significantly different in the 
two groups in the unadjusted analysis, but in the adjusted discrete analysis 
there was a significant group-by-family history of heart disease before age 50 
interaction (p.0.043). The relative risk was greater than 1 in those with a 
family history before age 50 and nearly equal to 1 in those without such a 
history. The former was of borderline significance (p-0.057) but was based on 
small numbers (5 of 26 Ranch Hands, 1 of 30 Comparisons). After deletion of 
the interaction term from the model, the adjusted relative risk was not 
statistically significant. 
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There was a borderline significant difference in the percentage of 
individuals with carotid bruits (Est. RRI 2.97, 95% C.I.: (0.91,9.67), 
pzO.058). For radial pulse abnormalities, there was also a borderline 
significant difference; in this case, the estimated relative risk was less 
than 1 (Est. RR: 0.29, 95% C.I.I (0.06,1.34), p.0.076). Adjusted analyses 
could not be performed because these abnormalities were so rare. 

Both the unadjusted and the adjusted analyses of femoral pulses revealed 
a significantly greater percentage with abnormalities in the Ranch Hand group 
than in the Comparison group (p.0.016, unadjusted and p.0.018, adjusted). The 
estimated relative risk was 2.52 (95% C.I.: (1.16,5.44) and the adjusted 
relative risk was 2.52 (95% C.I.I [1.15,5.56). Both unadjusted and adjusted 
differences in dorsalis pedis pulses were borderline significant, with a 
bigher percent abnormal in the Ranch Bands than in the Comparisons (Est. RR: 
1.30, 95% C.I.: [0.98,1.72), p.0.071 and Adj. RRI 1.29, 95% C.I.: 
(0.97,1.72), p.0.078). In the case of posterior tibial pulses, there was no 
significant difference in the unadjusted analyses, but a highly significant 
group-by-differential cortisol interaction emerged in the adjusted analysis 
(p.0.004). There was little group difference in those with differential 
cortisol response less than or equal to 0.6, but the risk was significantly 
greater than 1 in those with differential cortisol levels between 0.6 and 4.0 
(Adj. RR: 3.04, 95% C.I.: [1.06,8.68), p.0.030). The relative risk was less 
than 1 and not statistically significant in those with differential cortisol 
response greater than 4.0. In the variable combining all leg pulses, the 
~anch Bands exhibited significantly more abnormalities than the Comparisons. 
(Est. RR: 1.30, 95% C.I.: (1.00,1.67), p.0.049). The adjusted relative risk 
for leg pulses was of borderline significance (p.0.079). For peripheral 
pulses, the estimated relative risk was borderline significant (Est. RR: 
1.26, 95% C.I.: (0.97,1.62), p.0.082). This was also the case for all pulses 
(Est. RR: 1.26, 95% C.I.I [0.97,1.62), p.0.081). 

There was agreement between the physical examination findings and the 
past medical history, with a number of positive and statistically significant 
associations detected between various physical parameters and the heart 
disease history. 

Exposure index analyses conducted within the Ranch'Hand group did not 
detect any significant effects in any of the three occupational cohorts for 
reported/verified essential hypertension, reported/verified myocardial 
infarction, heart sounds, overall ECG findings, RBBB, LBBB, tachycardia, 
funduscopic examination findings, and carotid bruits, nor in any of the pulse 
variables or pulse aggregates. Por reported and verified heart disease, there 
were no significant differences in the enlisted flyers or enlisted groundcrew. 
In the officers, the group with the lowest current serum TCDD levels, the 
adjusted medium versus low exposure level contrast was significantly less than 
1 (p.0.019), and the high versus low contrast was also less than 1 and of 
borderline significance (p.0.082). 

No significant differences were detected in the analysis of systolic 
blood pressure in the officers and enlisted groundcrew, but in the enlisted 
flyers there was a significant difference in the means that was consistent 
with a dose-response relationship (p.0.037)--mean values were 124.14, 128.79, 
and 133.55 in the low, medium, and high exposure level categories, 
respectively. After covariate adjustment, however, the differences were no 
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longer statistically significant (p=0.181). There were no statistically 
significant differences in nonspecific T-wave findings in the officers or 
enlisted groundcrew. Although not entirely consistent with a dose-response 
relationship, there was a borderline significant diffetence in the enlisted 
flyers (p.O. 075, unadj us ted and p.O. 091, adj us ted). 

No statistically significant exposure level effects were detected in the 
unadjusted analyses of bradycardia, nor in the adjusted analyses within the 
enlisted flyers or enlisted groundcrew. In the officers, however, a 
significant exposure index-by-cholesterol-HOL ratio interaction was detected 
(p.0.045). Upon stratification, there were fewer abnormalities in the medium 
and high exposure level categories than in the low exposure level category for 
those with cholesterol-HOL ratios less than or equal to 4.2 and for those with 
levels between 4.2 and 5.5, but slightly more abnormalities in the medium and 
high exposure level categories as compared to the low category for those with 
ratios greater than 5.5. These were all based upon small numbers. 

Por arrhythmia, there were no significant differences in the officers or 
enlisted groundcrew, but in the enlisted flyers, there were six abnormalities 
in the high exposure level category as compared to none in the low category 
and none in the medium category (p.0.025 for the high v$. low contrast). 
Adjusted analyses could not be performed due to the small numbers. For other 
ECG diagnoses, no significant differences were found except for a significant 
~posure index-by-age interaction in the officer cohort (p.0.018). The 
differences within each of the age strata were no.t consistent with a dose­
response relationship, however. Finally, there were no significant exposure 
level effects on diastolic blood pressure in the enlisted flyers. In the 
officers, there was a significantly greater percentage of abnormali ties in the 
higher exposure level category as compared to the low exposure level category 
(p.0.039), but there was no excess risk in the medium exposure level group. 
Also, in the enlisted groundcrew there was a significant exposure index-by­
personality type interaction (p=0.012), but the within-stratum differences 
~ere not consistent with a dose-response relationship. 

Longitudinal analysis of the overall ECG findings did not detect any 
significant differences between. the Ranch Hand and Comparison groups in the 
change in the overall·ECG status from Baseline to the 1~7 followup examina­
tion. Mortality-morbidity analyses did not indicate excess cardiovascular 
risk in the Ranch Hands. 

In summary, the cardiovascular evaluation showed that the health of the 
Ranch Hand and Comparison groups was similar for reported and verified heart 
disease and central cardiac function. For peripheral vascular function, the 
Ranch Bands had a marginally higher percentage of in.dividuals with carotid 
bruits. There were also significant, or marginally significant, differences 
(more abnormalities in the Ranch Hands than in the Comparisons) in femoral 
pulses, dorsalis pedis pulses, and in the three pulse aggregates (leg, 
peripheral, and all pulses), as determined by manual palpation. These 
findings emphasize the importance of including further evaluations of 
peripheral pulses in subsequent examinations in this study. 
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